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(57) Abstractors 

exited to produce an acceptable bit error rate orother ^j!^"^"'^ noise amplifier is adjusted to a "high" leve 
the predicted level of interference is not expected to be ««P*We. the ^ ^ sUtion . s culren t 

of 5 levei of linearity required is determined by ^ « the mobile station, the current level of 

op S mode, the strength of a received i E^ris enlbled or bypassed. Each of the predion 
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CONTROL OF RECEIVER IMMUNITY TO INTERFERENCE BY 
CONTROLLING LINEARITY 



BACKGROUND OF THE INVENTION 
rnnnn Field of thelnvention 

22 ThT present invention relates generally to ra , 
22— « P— iV, *e present Invent relates to ,mprov,ng a 
communication receiver's immunfty to interference. 

o 

mnivn Description of the Related Art 

22 There are multiple types of ceiiuiar telephone systems >n 
■ rlTsvstems include the advanced mobile phone system 

separate and d,sW from ^ ^ ^ ^ ^ be 

rtCceutn^ Z*. *-» within a pabular system (a.,, 
20 located ma cell otanom ^service providers within a given 

AMPS, CDMA, TDMA), there ^ ^ ^ |, s J different geographical 

area. These provders ofte oho^e to ^ _ ^ 

,ccations from the compettor. Hence, there 

25 a system 'B' cell. This situation means that tne qb 
weak in the presence of strong multi-tone interference. 
22 The intermixing of system antennas can cause probl ms for a 
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ls referred to in me art as 'iarnr™ng'. ^ t0 , jam . 

it i« frpauentlv the case in an AMPo sysiem iui ^ 

t0 provide a high s-gnauo-nofee ra«,o for . » « y ^ 

SST One way to improve the immunity of a receiver «o interference or 
• ,o nolee the current to the receiver. This is not a prachcal 

SiS - - detected and the iinearity of the receiver .ncreased, 
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SUMMARY OF THE INVENTION 
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30 



[0011] P , |fier js first ena bled. It 

the linearity of a low noise amplifier. The low 
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is th en determined if a predicted level of interference will produce an 

acceptablebiterrorrateorothersignalerrormeasurement. 

,00121 If the predicted level of interference ,s not go,ng to be 

predicted level o, interference is acceptable, me low ncse ampler . set to 
low level of linearity. 



BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0013] FIG. 1 shows a block diagram of a low noise amplffier of the 

present invention. »„ a ble/bVDass function In 

100141 FIG. 2 shows an embodiment of the enable/bypass 

accordance with the low noise amplifier of the present invention. 
15 S M • 3 shows a flowchart of me presen, invenflon for changing 

^r^lwsablocKdiagramofareceiverin^ 
20 noise amplifier of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

. .I, -7rrr^r:rrcnr: 

InTeduced immunity provides a desired level o, performance ,e. 
1T1). increasing the LNA's linearity when greater immun,* ,s re^ ed 
so inll the received immunity to interference. This lineanty confro, ■ 
based on a predicted or expected level of interference. 
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received signal (101). In the preterr 

is at a radio frequency for the system in * ^ ^ output from the LN A. The 
5 t002O1 The amplified received sign ^ me 

„ .» part mm ™ ""V I'M » *" 

invention. F1G . tne current control 

[0024] 3 *^* 1 ^i»t-c^ooi*l*n--l"« 

r^rrrm: 
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function current control signal. ^ 3Q1) This 

[0025] ^1^^*^^ FG . 2 or using any other 
enablement may be performed as illustrated 



30 enabling means. 
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I0026] The level of interference Is predicted to determine if if - be 

- a -red performance = 
Tne ,eve, of interference may be ^ * ^ stafcn is 

operating (i.e., which service prov,de Mt , . «n* P 
commands sen, to the mobiie station the & 

mo bi,e station, me sfrengm - ^"^^tnferferenoe, and 
signal, the current level of interference, acceptable 

5 E on one or a combined of fhe above 

may not be weighted egu*. For examp. P* ^ 

15 When a tirsf cellular system is installed in a certain geographical 

frequency ma, interferes with some, or all, of * M> 

oontrol commands received by the mobtle stebon 

receives a number of -increase power" commands from m be e 

rnnim Yet another factor in pred.ct.ng the level ot 

SL. ml of the mobile station (e.g., « 

m0 de includes on which frequency the mob,. , ahon J 

*— "~ ' 7 " n ; r mob e -o the CDMA 

30 a certain level of interference. Therefore, f the ^ ^ 

mode and ft is known that an AMPS signal interferes with ou 
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Kneanty. thresholds. The transmit s,gna Strang* ca< ^ 
interference by comparing periodic sampies of the transm 

^rminad^hoidor^shoWs The 

10 10032] interference can be — e 

momentary interference from such . 

emission, the interference can be^ - - 

g enera,ed interferen ca -J^^ ^ transmitte d signai. 
u currant operating mode and/or the stre g ^ 

embodiment of FIG. 5. interference is 

25 •zzzzzz — , 

experimentation. 
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iz: rjetri * „— . «, , „ 0 n : 

Z the priced threshold o, Interference, a -high" lineanty mode * 
above P „ nea[ity mode , the current control 

^tetrstatlon is operavng In a «— 
[00381 LNA Is set (step 310 or 315) 

environment, once the e „ anyWng has 

w^el mobiie sta«orfs mode has ohan g ed, whether me 

20 li If the mobile station's mode has changed, a new environment 
P . a a „d therefore the level of interference that Is encountered 

mr.iir- 

. « '---rjrr-rjrr-.r. 

«f thP LNA will have no effect. Additionally, aner 
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sr..-— — = « - - rr„r: 

r::^."- 
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11 If the predicted interference ,eve. Is no. acceptable, the linearity 
[0044] If *e preoi performa nce level is achieved 

20 r rrXS — - desired penance level is 

25 :ld penance level and for a« the current control s, g nal to 

^""nri^'eof the LN A has heen set, »e process 
[0045] Once the Imea jy (o ^ ^ a 

waits for either a mode change^ the LNA 
425), the process waits tor tne 
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not b een disabled (step 425), the process returns to predicting . the 
Terence .eve, is acceptable (step 405). ( ^ g 

[0046] The block diagram of FIG. 5 .llusfrate* 
mobi ,e station incorporating the appar^s - * P-^ _ & 
controlling receiver immun,ty to interfere^ Th ^ 
swito hing tunction (SOS, . enable^ ^ ' F1 k 5 is for 

r from ssse - — « - ** : ,he 

5 S The a m pf« signal from .he LNA (S0O) is output to a bandpass « 

The LNA (S00) may be bypassed by a switch (SOS) coupled to a 
1 a m^6) The bypass path (506), in conjunction with the sw,tch 

amplified (525) before being input to the mixer (520). 
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[00 5 21 The down converted signal from the mixer (520) is input to a 

1 .. en ™= 4Rr is used by the mobile station for 

back end AGC (540 and 545). This AGO is useo oy 

closed loop power control, as is well known in the art. 

m the appals of FIG. 5, the current control sign* (550) to the 
T sOO, i produL by the mobile station controller (510, , one 
lie ., the confroller (510) produces a step function as reared by h 
tess illustrated in FIG. , In another embodiment the confer 
produces a continuous control signal (550) as required by the process 
uled ,n FIG. 4. The controller (510) may also be monitonng the ou*ut 
STt-n me AGC (540 and 545, as a way of deteo«ng the current level o 

n coniunotton with the other factors discussed above in controlling the 

"1 signal (550, In Ms manner, the controller (510, controls the linear,^ 
U 72 LNA (500) in different environments comprising various ieveis of 

ST* «» the preferred embodiment mobile stadon is a cellular 
ep one, - Passes and apparatus o, me presen, Invention ^ 
incorporated into other types of mobile etatons. For example, the mo He 
20 Ton may be a modem built into a lap top computer, a personal dig 
SSL* having the capability of receiving radio frequency signals or any 
SSL of communications device that would benefit from a reoerver that 
onangesife linearity in responselo a predicted level of interference. 
im l> in summary, the present invendon enables a mobi^ stoWU 
25 1 near antennas of different systems while increasing the mobile on 
resistance to radio frequency interference from the other system . im. 

SL^^-^^-^t^^ss 

Prtor art systems used either a higher linearity LNA, a. the expense of power, 
orwould have failed when they encountered significant interference. 
30 10056] We claim: 
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CLAIMS 



! . A method for controlling linearity of a low noise amplifier, 

2 the method comprising the steps of: 

enabling the low noise amplifier; 

determining if a predicted level of interference is acceptable; 

if the predicted level of interference is not acceptable, selecting 
6 ahighleveloflinearityforthelownoiseamplifienand 

if the predicted level of interference is acceptable, selecting 
8 low level of linearity for the low noise amplifier. 

2 The method of claim 1 and further including the steps of: 
2 waiting for a change in predetermined criteria; 

when one of the predetermined critena has changed, 

a determining if the low noise amplifier is still enabled; 
4 determining Qmnlifi p r 5s still enabled, determining if the 

if the low noise amplifier is sun eiwu. 

• .rrr^rr:= — ■«.-- 

8 amplifier to be re-enabled. 

3 The method of data 2 wherein the predetermined criteria 
2 indudes a ohange in a frequency spectrum input to the low noise amplifier a 

J! .he enablement o, fhe low noise amplifier, and an expirahon of a 
predetermined time. 

4 The method of data 3 wherein the predetermined time 

an area comprising unacceptable interference levels. 
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5 The method of daim 1 wherein the step of selecting a 
high ievei of iinearity for the iow noise ampUfler comprises ***** «£■ 
linacontro, signal stepfunction that Is coupied ,o the iowno.se amp*, 

6 The method of claim 1 wherein the step of selecting a low 
contnol signal step funcdon that is coupled to the low no,se ampler. 

7 The method of claim 1 wherein the step of enabling the 
low noise ampler comprises swifching ou, a bypass path around the low 
noise amplifier. 

8 A method for controlling linearity of a low noise amplifier 

comprising the steps of: 

enabling the low noise amplifier; 
determining if a predicted level of interference is *<*^> 
, the predicted level of interference is not acceptable, selecfng 
a high level of linearity for the low noise amplifier; 
. if the predicted level of interference is acceptable, selecting 

low level of linearity for the low noise amplifier; 

waiting for a change in predetermined cntena; 
whe n one of the predetermined criteria has changed, 
^♦orminina if the low noise amplifier is still enabled; and 
^^ZZ noise ampuls no, enabled, waiting for the lowno.se 

14 amplifier to be re-enabled. 

9 The method of claim 9 wherein the predetermined criteria 

2 includes a change in a mode of the plurality o, modes o, the mobiie Man. - 

otnge in the enablement of the low noise amplify and an exp.ra.on of 
4 predetermined time. 
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10 The method of claim 8 wherein the plurality of modes 
comprise the mobile station operating in different frequency spectrums. 

11 The method of claim 9 wherein the predetermined time 
comprises a time in which the mobile station is predicted to move out of an 
Slo a interference ieve, into an area having a second interference 
level that is different from the first. 

12 A method for controlling linearity of a low noise amplifier 
2 |„ a reoeiver, the low noise amplifier having a ourren. oontrol signal input 

signal adjusts the linear!, of the low noise amptifier, the mettod 

4 comprising the steps of: 

enabling the low noise amplifier; 

determiningifaprediotedlevelof interference is acceptable; 
I, the predicted level of interference is not acceptable, 
8 confinuously adjusfing the current control signs, unfi, the linearity o, the low 
Tote ampler is such that the receiver is operating at an acceptable 

10 ^predicted level of interference is acceptabie, seleofing a 

12 low level of linearity for the low noise amplifier. 

13 The method of claim 12 wherein the acceptable 
2 performance ieve, of the reoeiver is measured in terms of an error 
determination. 

14. The method of claim 13 wherein the error determination 
2 is a symbol error rate. 

15 A method for controlling linearity of a low noise amplifier 
in a receiver of a mobile station, the low noise amplifier having a current 
centre, signal input signal that adjusts the linearity of the low noise ampler, 
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10 
12 
14 
16 



the mobile station comprising a plurality of operational modes, the method 

comprising the steps of: 

enabling the low noise amplifier; 
determining if a predicted level of interference is acceptable; 
if the predicted level of interference is not acceptable, 
continuously adjusting the current centre, signal until the linearity of the low 
noise amplifier is such that the receiver is operating at an acceptable 

oerformance level; and 

if the predicted level of interference is acceptable, selecting a 

low level of linearity for the low noise amplifier; 

waiting for a change in predetermined criteria; 
when one of the predetermined criteria has changed, 
determining if the low noise amplifier is still enabled; 

if the low noise amplifier is still enabled, determining if the 

i « nredicted level of interference is acceptable; and 

P if the low noise amplifier is not enabled, waiting for the low noise 

20 amplifier to be re-enabled. 

16 The method of claim 15 wherein the step of enabling the 
2 ,ow noise amplifier comprises switching out a bypass path around the low 
noise amplifier. 

17. The method of claim 15 wherein the predetermined 

f,«™ * first mode to a second mode of the plurality 
2 criteria includes a change from a first mode to a se 

of modes, a change in the enablement of the low no.se amplifier, and an 
4 expiration of a predetermined time. 

18 The method of claim 17 wherein step of waiting for a 
2 change in the predetermined criteria comprises a check of a periodic timer 
that tracks the length of time since a previous linearity adjustment. 
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1 g The method of claim 15 wherein the step of determining if 
a predicted ieve. of interference is acceptable comprises checking a current 
operation mode of the plurality of operational modes. 

20 The method of claim 15 wherein the step of determining if 
2 a predicted level of interference is acceptable comprises determining a 
strength of a received signal. 



2 



21 The method of claim 15 wherein the step of determining if 
a predicted level of Interference is acceplable comprises determining a 
strength of a transmitted signal that is transmitted by the mobile station. 

22 The method of claim 15 wherein the step of determining if 
2 a predicted level of interference is acceptable comprises monitoring an output 

of the low noise amplifier to determine a current level of interference. 

23 The method of claim 15 wherein the step of determining if 
2 a predicted Ieve! of interference is acceptable comprise determining if the 

low noise amplifier is either enabled or bypassed. 

24 The method of claim 22 wherein the step of determining if 
2 a predicted level of interference is acceptable comprises determining a level 

of Tterference that generates an acceptable error in the output of die low 
4 noise amplifier. 

25. A mobile station comprising: 
, an antenna that receives a received signal; 

a low noise amplifier comprising an enable/bypass funcdon and 
4 a current conttol tonction, the current control function being able to change a 
Unaarity attribute of the low noise amplifier, the low noise ampler havtng 
6 means for generating an amplified received signal at an output and 
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a controller that controls the operation of the mobile station, the 
controller coupled to the low,noise amplifier and comprising means to contro 
the enable/bypass function and the current contro. function ,n response to a 
predicted level of interference experienced by the mobile station. 

26 The mobile station of claim 25 wherein the enable/bypass 
function comprises a switch that routes the received signal to one of either the 
Tow noise ampler or a bypass path around the low noise amp.mer - 
response to a control signal from the controller. 

27 The mobile station of claim 25 wherein the controller 
comprises means for generating a step function current control signal that 
lis the .inearity attribute of the low noise amplifier in response to the 
predicted level of interference. 

28 The mobile station of claim 25 wherein the controller 
comprises means for generating a continuous current control signal that 
LL the linearity atuibute of the low noise ampler in response to the 
predicted level of interference. 
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29 The mobile station of claim 25 wherein the controller 
2 comprises means for monitoring the amplified received signal in order to 
determine what level of current control signal to generate. 
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FIG. 3 
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(571 Abstract: A radio receiver has a low noise amplifier. The low noise am- 
Ser is Tabled If a predicted level of interference is expected to produce an 

fier is set to a "low" linearity level. If the predicted level of interference rs not 
StoblaSpibl^low noise ampler is adjusted to a "high" level of 

S^TteivelofUneanty required to*^^**^-"^ 
nrediction criteria- the mobile station's current operating mode, the strength of 
receS S the strength of a signal transmitted by the mobile station, *e 
cuSevS 

SsTamnlSs enabed or bypassed. Each of the prediction cntena may 

Sbe^ 
change. 
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